































































































































































































































































































































































































































































































































Anderson RS, Anderson SP, Tucker GE. 2013. Rock damage and regolith transport by 486 
frost: an example of climate modulation of the geomorphology of the critical zone. Earth 487 
Surface Processes and Landforms 38: 299-316. DOI: 10.1002/esp.3330. 488 
Attal M, Mudd SM, Hurst MD, Weinman B, Yoo K, Naylor M. 2014. Impact of change 489 
in erosion rate and landscape steepness on hillslope and fluvial sediments grain size in the 490 
Feather River Basin (Sierra Nevada, California). Earth Surface Dynamics 2: 1047-1092. 491 
DOI: 10.5194/esurfd-2-1047-2014. 492 
Bazilevskaya E, Lebedeva M, Pavich M, Rother G, Parkinson DY, Cole D, Brantley SL. 493 
2013. Where fast weathering creates thin regolith and slow weathering creates thick 494 
regolith. Earth Surface Processes and Landforms 38: 847-858. 495 
Birkeland PW. 1990. Soil-geomorphic research -  a selective review. Geomorphology 3: 496 
207-224. 497 
Birkeland PW. 1999. Soils and Geomorphology. Oxford University Press: New York. 498 
Burt R. 2009. Soil Survey Field and Laboratory Methods Manual. In Soil Survey 499 
Investigations Report No. 51. Natural Resources Conservation Service, USDA: Lincoln, 500 
Nebraska. 501 
Cassel EJ, Graham SA, Chamberlain CP, Henry CD. 2012. Early Cenozoic topography, 502 
morphology, and tectonics of the northern Sierra Nevada and western Basin and Range. 503 
Geosphere 8: 229-249. 504 
 Regolith Thickness FR  Page 24  10/21/2015 
Daly C, Halbleib M, Smith JI, Gibson WP, Doggett MK, Pasteris PP. 2008. 505 
Physiographically sensitive mapping of climatological temperature and precipitation 506 
across the conterminous United States. International Journal of Climatology 28: 2031-507 
2064. 508 
Furbish DJ. 2003. Using the dynamically coupled behavior of land-surface geometry and 509 
soil thickness in developing and testing hillslope evolution models. In Prediction in 510 
Geomorphology, Wilcock P, Iverson RM (eds). American Geophysical Union; 169-182. 511 
Gabet EJ. 2014. Late Cenozoic uplift of the Sierra Nevada, California? A critical analysis 512 
of the geomorphic evidence. American Journal of Science 314: 1224-1257. DOI: 513 
10.2475/08.2014.03. 514 
Gabet EJ, Edelman R, Langner H. 2006. Hydrological controls on chemical weathering 515 
rates at the soil-bedrock interface. Geology 34: 1065-1068. 516 
Gabet EJ, Mudd SM. 2010. Bedrock erosion by root fracture and tree throw: a coupled 517 
bio-geomorphic model to explore the humped soil production function and the 518 
persistence of hillslope soils. Journal of Geophysical Research 115: 519 
doi:10.1029/2009JF001526. 520 
Gerrard AJ. 1990. Soil variations on hillslopes in humid temperate climates. 521 
Geomorphology 3: 225-244. 522 
Goodfellow BW, Chadwick OA, Hilley GE. 2013. Depth and character of rock 523 
weathering across a basaltic-hosted climosequence on Hawai'i. Earth Surface Processes 524 
and Landforms. DOI: 10.1002/esp.3505. 525 
Graham RC, Daniels RB, Buol SW. 1990. Soil-geomorphic relations on the Blue Ridge 526 
front: I. regolith types and slope processes. Soil Science Society of America Journal 54: 527 
1362-1367. 528 
Graham RC, Rossi AM, Hubbert KR. 2010. Rock to regolith conversion: producing 529 
hospitable substrates for terrestrial ecosystems. GSA Today 20: 4-9. 530 
 Regolith Thickness FR  Page 25  10/21/2015 
Heimsath AM, Dietrich WE, Nishiizumi K, Finkel RC. 2001. Stochastic processes of soil 531 
production and transport:  erosion rates, topographic variation and cosmogenic nuclides 532 
in the Oregon Coast Range. Earth Surface Processes and Landforms 26: 531-552. 533 
Hugget RJ. 1975. Soil landscape systems: A model of soil genesis. Geoderma 13: 1-22. 534 
Hurst MD, Mudd SM, Walcott RC, Attal M, Yoo K. 2012. Using hilltop curvature to 535 
derive the spatial distribution of erosion rates. Journal of Geophysical Research - Earth 536 
Surface 115: 1-19. DOI: 10.1029/2011JF002057. 537 
Hurst MD, Mudd SM, Yoo K, Attal M, Walcott RC. 2013. Influence of lithology on 538 
hillslope morphology and response to tectonic forcing in the northern Sierra Nevada of 539 
California. Journal of Geophysical Research - Earth Surface 118: 832-851. DOI: 540 
10.1002/jgrf.20049. 541 
Maher K. 2010. The dependence of chemical weathering rates on fluid residence time. 542 
Earth and Planetary Science Letters 294: 101-110. 543 
Marshall JA, Roering JJ. 2014. Diagenetic variation in the Oregon Coast Range: 544 
Implications for rock strength, soil production, hillslope form, and landscape evolution. 545 
Journal of Geophysical Research: Earth Surface 119: 1395-1417. DOI: 546 
10.1002/2013JF003004. 547 
McGuire LA, Pelletier JD, Roering JJ. 2014. Development of topographic asymmetry: 548 
Insights from dated cinder cones in the western United States. Journal of Geophysical 549 
Research: Earth Surface 119: 1725-1750. DOI: 10.1002/2014JF003081. 550 
Meyer M, North MP, Gray AN, Zald HSJ. 2007. Influence of soil thickness on stand 551 
characteristics in a Sierra Nevada mixed-conifer forest. Plant Soil 294: 113 - 123. 552 
Miller DJ, Dunne T. 1996. Topographic perturbations of regional stresses and consequent 553 
bedrock fracturing. Journal of Geophysical Research 101B: 25,523-25,536. 554 
 Regolith Thickness FR  Page 26  10/21/2015 
Milodowski DT, Mudd SM, Mitchard ETA. 2014. Erosion rates as a potential bottom-up 555 
control of forest structural characteristics in the Sierra Nevada Mountains. Ecology in 556 
press. DOI: 10.1890/14-0649.1. 557 
Milodowski DT, Mudd SM, Mitchard ETA. 2015. Erosion rates as a potential bottom-up 558 
control of forest structural characteristics in the Sierra Nevada Mountains. Ecology 96: 559 
31-38. DOI: 10.1890/14-0649.1. 560 
Mudd SM, Yoo K. 2010. Reservoir theory for studying the geochemical evolution of 561 
soils. Journal of Geophysical Research: Earth Surface 115. DOI: 10.1029/2009JF001591. 562 
Mudd SM, Yoo K, Gabet EG. 2012. Influence of Chemical Weathering on Hillslope 563 
Forms. In Treatise on Geomorphology, Shroder JF (ed). Academic Press: San Diego; 56-564 
65. 565 
NCALM. 2008. Sierra Nevada, Oroville, CA. Mapping NCfAL (ed): Houston. 566 
Nicotina L, Tarboton DG, Tesfa TK, Rinaldo A. 2011. Hydrologic controls on 567 
equilibrium soil depths. Water Resources Research 47. DOI: 10.1029/2010WR009538. 568 
Pelletier JD, McGuire LA, Ash JL, Engelder TM, Hill LE, Leroy KW, Orem CA, 569 
Rosenthal WS, Trees MA, Rasmussen C, Chorover J. 2011. Calibration and testing of 570 
upland hillslope evolution models in a dated landscape: Banco Bonito, New Mexico. 571 
Journal of Geophysical Research: Earth Surface 116. DOI: 10.1029/2011JF001976. 572 
Pelletier JD, Rasmussen C. 2009. Geomorphically based predictive mapping of soil 573 
thickness in upland watersheds. Water Resources Research 45. DOI: 574 
10.1029/2008WR007319. 575 
Pennock DJ, de Jong E. 1990. Regional and catenary variations in properties of Borolls 576 
of southern Saskatchewan, Canada. Soil Science Society of America Journal 54: 1697-577 
1701. 578 
Phillips JD, Marion DA. 2005. Biomechanical effects of trees on soil and regolith: 579 
Beyond treethrow. Annals of the Association of American Geographers 96: 233-247. 580 
 Regolith Thickness FR  Page 27  10/21/2015 
Phillips JD, Marion DA, Luckow K, Adams KR. 2005. Nonequilibrium regolith thickness 581 
in the Ouachita Mountains. Journal of Geology 113: 325-340. 582 
Phillips JD, Turkington AV, Marion DA. 2008. Weathering and vegetation effects in 583 
early stages of soil formation. Catena 72: 21-28. 584 
PRISM. 2014. PRISM Climate Group. http://prism.oregonstate.edu. 585 
 586 
Reneau S, Dietrich WE, Donahue DJ, Hull AJ, Rubin M. 1990. Late Quaternary history 587 
of colluvial deposition and erosion in hollows, central California coast ranges. Geological 588 
Society of America Bulletin 102: 969-982. 589 
Roering JJ, Marshall J, Booth AM, Mort M, Jin Q. 2010. Evidence for biotic controls on 590 
topography and soil production. Earth and Planetary Science Letters 298: 183-190. 591 
Saucedo GJ, Wagner DL. 1992. Geologic map of the Chico quadrangle, California. 592 
Division of Mines and Geology. 593 
Selby MJ. 1993. Hillslope materials and processes. Oxford University Press: Oxford. 594 
Slim M, Perron JT, Martel SJ, Singha K. 2015. Topographic stress and rock fracture: a 595 
two-dimensional numerical model for arbitrary topography and preliminary comparison 596 
with borehole observations. Earth Surface Processes and Landforms 40: 512-529. DOI: 597 
10.1002/esp.3646. 598 
Staff SS. 2015. Official Soil Series Description. 599 
 600 
Sweeney KE, Roering JJ, Almond P, Reckling T. 2012. How steady are steady-state 601 
landscapes? Using visible–near-infrared soil spectroscopy to quantify erosional 602 
variability. Geology 40: 807-810. 603 
 Regolith Thickness FR  Page 28  10/21/2015 
Tesfa TK, Tarboton DG, Chandler D, McNamara J. 2009. Modeling soil depth from 604 
topographic and land cover attributes. Water Resources Research 45. DOI: 605 
10.1029/2008WR007474. 606 
Twidale CR, Bourne JA. 1993. Fractures: a double edged sword. A note on fracture 607 
density and its importance. Zeitschrift fur Geomorphologie N.F. 37: 495-475. 608 
Wahrhaftig C. 1965. Stepped topography of the southern Sierra Nevada, California. 609 
Geological Society of America Bulletin 76: 1165 - 1190. 610 
White AF, Blum AE, Schulz MS, Huntington TG, Peters NE, Stonestrom DA. 2002. 611 
Chemical weathering of the Panola Granite: Solute and regolith elemental fluxes and the 612 
weathering rate of biotite. In Water-Rock Interactions, Ore Deposits, and Environmental 613 
Geochemistry, Hellman R, Wood SA (eds). The Geochemical Society; 37-59. 614 
Yoo K, Mudd SM. 2008. Toward process-based modeling of geochemical soil formation 615 
across diverse landforms: A new mathematical framework. Geoderma 146: 248-260. 616 
Yoo K, Weinman B, Mudd SM, Hurst M, Attal M, Maher K. 2011. Evolution of hillslope 617 




























































































































































































































0.0 0.1 0.2 0.3 0.4 0.5 0.6























































































0 20 40 60 80 100 120 140
Actual regolith thickness (cm)
M
od
el
ed
 re
go
lit
h 
th
ic
kn
es
s 
(c
m
)
  
Figure 11. Regolith thickness modeled from the 1D ridgeline curvature and the 
calculated erosion rate. Measured regolith thickness values were smoothed with a 5‐pt 
moving window to damp meter‐scale variations not captured in our study. The similarity 
between the modeled and actual regolith thicknesses suggest that 1D curvature and 
erosion rate are the primary factors in controlling regolith thickness along Cascade Ridge 
at the 102‐m scale. The constant in the regression indicates that regolith thickness is 
consistently underpredicted, albeit by a small amount. 
 
   
Figure 12. Residuals from the regolith thickness regression equation compared to the 
local topography. The non‐random distribution of the residuals indicates that the 1D 
ridgeline curvature is not fully capturing the effects of the local topography. 
 
   
 
Figure 13. Different soil production functions depending on topographic position. 
Although knobs and saddles may be eroding at the same rate, they may host different 
steady‐state regolith thicknesses because of different local conditions (indicated by 
stars). For example, saddles may have higher rates of regolith production for a given 
regolith thickness because they remain wetter for longer periods of time.  
 
 
   
Figure 14. Aboveground biomass and local topography along the ridge. Biomass 
increases nearly 4‐fold from the rapidly eroding portion of the ridge to the slowly 
eroding portion. Biomass determined with mean canopy heights derived from LiDAR 
data (Milodowski et al., 2015). 
 
 
 
 
  
Figure 15: Knobs (stars) and basins along Cascade Ridge. The knobs along Cascade Ridge 
are often the uppermost extent of spur ridges bounding the  basins that drain from the 
ridge to the valley bottom (shaded). 
 
 
